Abstract. The bolus intravenous injection of a novel 8:2 medium-chain triglyceride:fish oil emulsion was recently found to increase within 60 min and for the subsequent 24-48 h the long-chain polyunsaturated ω3 fatty acid content of both leucocyte and platelet phospholipids in 12 normal subjects. The aim of the present report is to document the hemostatic safety of such a procedure in the same 12 subjects. No adverse effect was found when comparing the results obtained after administration of either the fish oil-containing emulsion or a control 5:5 medium-chain triglyceride:soybean triglyceride emulsion, whether in terms of the occlusion time in either an ADP or epinephrine test or in terms of the [CD]42b, [CD]62p, fibrinogen and PAC-1 response to ADP, collagen or thrombin receptor analog peptide 6 in platelets examined by fluorescence activated cell sorting. In conclusion, this novel procedure for the rapid enrichment of cell phospholipid in long-chain polyunsaturated ω3 fatty acids presents the required safety in a hemostatic perspective.
Introduction
The evolution of dietary lipid intake in Western populations is characterized by decreasing intakes of long-chain polyunsaturated ω3 fatty acids (1) . The American Heart Association has recently proposed to increase the consumption of longchain polyunsaturated ω3 fatty acids (2) . The efficacy of dietary supplementation, however, requires a matter of days, because of the slow tissue delivery of ω3 fatty acids when orally ingested (3, 4) . The intravenous injection of a suitable emulsion rich in fish oil was recently proposed as a tool to increase rapidly the cell phospholipid content in ω3 fatty acids and, hence, as a procedure to protect selected patients against the risk of undesirable events, e.g. cardiac arrhythmia following anaesthesia and surgery (5) . In such a perspective, a novel 20% (w/v) emulsion containing 80% medium-chain triacylglycerols and 20% fish oil was designed, taking into account the fact that medium-chain triglycerides are excellent substrates for lipoprotein lipase-mediated hydrolysis, which promptly releases medium-chain fatty acids from emulsion particles. Medium-chain triglycerides are also efficiently transferred to endogenous lipoproteins. Both processes lead to the rapid formation of small sized remnants which are promptly taken up by different tissues (6) . In normal subjects, the bolus intravenous injection of 50 ml of this novel emulsion indeed increases within 60 min and for the subsequent 24-48 h the ω3 fatty acid content of both blood leucocyte and platelet phospholipids (7) . The major aim of the present report is to document the hemostatic safety of such a procedure, as assessed in the same 12 normal subjects as those in whom the enrichment of circulating leucocyte and platelet phospholipids in ω3 acids was observed. The selection of this theme was motivated by the following considerations. Comparison between Inuits and Danes and between inhabitants of Japanese fishing and farming villages first showed that populations consuming high amounts of ω3 acids had decreased platelet aggregation and increased bleeding time (8, 9) . One of the characteristic features of increased ω3 fatty acid availability is a reduction in the content of arachidonic acid in platelet membrane phospholipids, thus decreasing the amount of substrate available for eicosanoid synthesis (10) (11) (12) (13) (14) . Oral products containing ω3 acids have not been associated, however, with clinically significant bleeding problems (15) . Likewise, in patients undergoing abdominal surgery and receiving for 5 days total parenteral nutrition supplemented or not with ω3 fatty acids, in doses ≤0.2 g/kg body weight, no significant differences between the groups could be found concerning thromboplastin time, fibrinogen, antithrombin III, and platelet counts or function (16) . Nevertheless, it was judged mandatory to assess the hemostatic safety of the present approach for the rapid enrichment of cell phospholipids in ω3 acids.
Hemostatic safety of the bolus intravenous injection of a novel medium-chain triglyceride:fish oil emulsion
Materials and methods
As indicated elsewhere (7), 12 healthy male subjects, aged 29.3±1.5 years, volunteered for this study. All subjects received complete information on the potential risks and purpose of the trial, and signed an informed consent before the study. Its design was approved by the Ethics Committee of Erasmus Hospital (Brussels Free University School of Medicine, Brussels, Belgium). The test preparation (MCT:FO) was a 20% (w/v) emulsion containing 80% of medium-chain fatty acid triglycerides (MCT) and 20% of fish oil (FO), manufactured for the present study by B. Braun AG (Melsungen, Germany). The control preparation (MCT:LCT) was a 20% (w/v) emulsion containing equal amounts (w) of MCT lipids and soybean triglycerides, currently used for parental nutrition (Medialipid ® , B. Braun). After an overnight fast, the subjects drank 200 ml of a carbohydrate solution (Nutricia preOp; Nutricia, Zoetermeer, The Netherlands) 90 min before the lipid injection. One and 8 h after the bolus injection (50 ml) of the lipid emulsions through an intravenous catheter inserted in one arm and at 8,00 a.m. on days 2, 3 and 8 thereafter, blood samples were collected for the present measurements. There was an 8-week wash out period between the injections of each preparation.
The following determinations were made. The PFA-100 ® device (Dade Behring; Deerfield, IL, USA) was used to measure platelet function in whole citrated blood at high shear conditions. The method determines the time to occlusion of an aperture in a membrane coated with collagen and the weak platelet activator epinephrine (Col-epinephrine) which is particularly sensitive to interference on the cyclo-oxygenase (COX) pathway of platelet aggregation or in a membrane coated with collagen and the strong, COX independent, platelet activator ADP (Col-ADP). For detection of platelet reactivity by flow cytometry, three combinations of markers were used. Each combination included anti-CD41-Per-CP, a monoclonal antibody that targets all platelets, together with two other markers, i.e. either PAC-1-fluorescein isothiocyanate (FITC) and CD62p-phycoerythrin (PE), fibrinogen-FITC and CD42b-PE, or irrelevant monoclonal antibodies from the same isotype FITC and PE as control. All monoclonal antibodies were from Becton Dickinson/Pharmingen (San Diego, CA, USA), and fibrinogen-FITC from Dako (Gloscrup, Denmark). Whole blood (5 μl) containing sodium citrate was placed in polypropylene Eppendorf tubes (1.8 ml) together with 9 μl of a combination of each marker (3 μl each, except fibrinogen-FITC in which case 1 μl of the marker was diluted with 2 μl PBS). For each of the three marker combinations, the four following conditions were examined: unstimulated blood (addition of 5 μl PBS), blood stimulated with collagen (addition of 5 μl Chrono-PAR #385; Chrono-Log Corp., Havertown, PA, USA; 1/250 final dilution), blood stimulated with ADP (Roche Diagnostics, Basel, Switzerland; 4 μM final concentration), and blood stimulated with Thrombin Receptor Activator Peptide (TRAP-6; Bachem Biochemical GmbH, Heidelberg, Germany; 65 μM final concentration). After reacting for 15 min at room temperature, the sample was fixed by adding 1.0 ml of 1% formaldehyde. Labelled platelets were then subjected to flow cytometry using a FACSCalibur flow cytometer (Becton-Dickinson). Platelets were gated in a dot plot by FITC-labeled CD41 and Side Scatter (SSC in logarithmic scale). At least 10,000 gated cells were acquired. The percentages of cells recorded with the CD62p and PAC-1 markers were corrected for the paired value found with the isotope PE and FITC control, respectively.
All results are presented as mean values (± SEM) together with the number of individual observations (n). The statistical significance of differences between mean values was assessed by use of Student's t-test.
Results

ADP-test.
In the ADP-test, the basal occlusion time, before injection of the lipid emulsion, was not significantly different (p>0.2 in the MCT:LCT series (98.2±5.2 s; n=12) and MCT:FO series (89.5±4.5 s; n=12), with an overall mean value of 93.8±3.5 s (n=24). As judged from the latter value, the lower and upper limits of the 95% confidence interval, taken as the mean value±SD.t 0.05 (d.f. = 23) would be 58.6 and 129.0 s, as compared to 58.0 and 142.0 in the norms of our hospital.
The mean occlusion time after injection of the MCT:LCT emulsion was always lower than mean basal value ( Fig. 1 , upper left panel). As judged from paired comparison, such a difference was highly significant (p<0.005 or less) eight hours and eight days after injection of the MCT:LCT emulsion (Table I) . Over the entire period of observation (one hour to eight days after administration of the emulsion), the mean occlusion time, as derived from 4-5 measurements in each subject, represented 88.3±4.3% (n=12; p<0.03) of paired basal value.
An essentially comparable situation prevailed in the MCT:FO series. First, one hour after injection of the MCT:FO emulsion, the mean occlusion time, expressed relative to period basal value, was not significantly different (p>0.7) in the MCT:LCT series (94.2±4.5%; n=11) and MCT:FO series (95.9±3.2%; n=12). Second, a significant lowering of the occlusion time to 91.1±2.7% (n=12; p>0.02) of paired basal value was observed eight hours after injection of the MCT:FO emulsion, in the same manner as already mentioned after injection of the MCT:LCT emulsion. Last, over the entire period of observation, the mean occlusion time represented, after injection of the MCT:FO emulsion, 95.1±2.0% (n=12; p<0.04) of paired basal value. The latter percentage was not significantly different (p>0.1) from that recorded after injection of the MCT:LCT emulsion. The mean individual percentage computed after injection of the MCT:FO emulsion averaged 109.0±5.2% (n=12; p>0.1) of the paired percentage found in the same subject after injection of the MCT:LCT emulsion.
A significant difference between the MCT:LCT and MCT:FO series was only reached by pooling together all the measurements (expressed relative to paired basal value) made in each of these two series. In this case, the values averaged 87.2±2.1% (n=56; p<0.001 versus unity) in the MCT:LCT series, as distinct (p<0.006) from 94.6±1.5% (n=60; p<0.001 versus unity) in the MCT:FO series. Thus, at the most these was a trend towards a lesser decrease of the occlusion time after injection of the MCT:FO, as distinct from MCT:LCT, emulsion. Table I . Occlusion time in the ADP and epinephrine-test before (basal) and after injection of the MCT:LCT or MCT:FO emulsion. 
All results are expressed relative to paired basal value.
agreement with that otherwise considered as the upper limit for normal subjects (i.e. 181.0 s).
In the MCT:LCT series, one subject displayed an abnormally high value (182 s) before injection of the emulsion. In this subject, however, the subsequent increment (Δ) in occlusion time one hour (Δ = 26 s) and eight hours (Δ = 18 s) after injection of the MCT:LCT emulsion remained well below the difference between the upper limit of the 95% confidence interval and corresponding mean value, as established before the injection of a lipid emulsion, such a difference amounting to 51.1 s. In the MCT:LCT series, all other measurements remained well below the upper limit of such a 95% confidence interval. Moreover, even one hour after injection of the MCT:LCT emulsion, the occlusion time averaged 108.2±4.2% (n=11) of paired basal value and, as such, failed to be significantly different (p>0.05) from such a basal value.
The situation was not vastly different in the MCT:FO series. Nevertheless, one hour to three days after injection of the MCT:FO emulsion, an abnormally high occlusion time was recorded in four out of twelve subjects, with a mean value from these four measurements of 284.0±44.0 s (range 201 to 360 s). The mean peak value in the epinephrine-test was reached one hour after injection of the MCT:FO emulsion and averaged 117.0±10.7% (n=12) of paired basal value. It was not significantly different, however, from such a basal value (p>0.1). Sixty minutes after injection of the MCT:FO emulsion, only two subjects displayed an abnormally high occlusion time averaging 218.2±0.0% (n=2) of paired basal value, as distinct (p<0.005) from 109.2±5.1% (n=2) in the 
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Mean values refer to 7-9 individual measurements.
same two subjects examined one hour after injection of the MCT:LCT emulsion. Incidentally, one of these two subjects was the same as that who displayed an abnormally high basal value before injection of the MCT:LCT emulsion, which, in this subject, was administrated eight weeks before the MCT:FO emulsion. In the ten other subjects examined one hour after injection of a lipid emulsion, the occlusion time, when expressed relative to paired basal value, was not significantly different (p>0.45) in the MCT:FO series (103.3±4.4%; n=10) and MCT:LCT series (108.0±5.1%; n=9) and, in both cases, not significantly different from unity (p>0.1 or more).
The results so far presented suggest that, in the subjects injected with MCT:FO emulsion, a sizeable increase of the occlusion time in the epinephrine-test was only observed on a few occasions, i.e. in 4 out of 59 measurements. A statistically significant increase of the occlusion time was only reached when pooling together the result obtained in the MCT:LCT and MCT:FO series one hour after the injection of these emulsions. In such a case, the occlusion time in the epinephrine-test indeed averaged 112.7±5.7% (n=23; p<0.05 versus unity) of paired basal value. At later times after the injection of the lipid emulsion, however, the mean value for the occlusion time was always lower than the paired basal value, whether in the MCT:LCT or MCT:FO series (Table I) . Such a lowering only achieved statistical significance, whether in the MCT:LCT or MCT:FO series, by pooling all available data obtained within each series between eight hours and eight days after injection of the lipid emulsion. These overall mean values indeed averaged, relative to paired basal measurement, 92.9±2.8% (n=47; p<0.02) in the MCT:LCT series and 93.8±2.5% (n=47; p<0.025) in the MCT:FO series. The latter Table III . Mean values (± SEM) of the cell percentages for the [CD]62p, fibrinogen and PAC-1 markers. 
two percentages were not significantly different from one another (p>0.8).
When expressing the mean of all measurements (n=4-5) made in each subject after injection of the lipid emulsion relative to paired basal value, percentages averaging 96.5±4.1% (n=12) and 100.3±3.4% (n=12) were found, in the epinephrinetest, in the MCT:LCT and MCT:FO series, respectively. These two percentages were not significantly different from unity (p>0.4 or more). They also were not significantly different from one another, whether judged from group comparison (p>0.4) or paired comparison in each subject (p>0.4). This last analysis reinforces the view that there was no sustained prolongation of the occlusion time after injection of the lipid emulsion. On the contrary, and as already observed in the ADP-test, the trend was towards a lowering of the occlusion time in the epinephrine-test, at least from the eight hours after injection of these emulsions onwards (see above).
Hemostatic tests. The hemostatic variables assessed by fluorescence activated cell sorting were measured in 9 subjects after injection of either the control MCT:LCT emulsion or test MCT:FO emulsion. Six of these subjects were examined on both occasions. All other data were collected at the occasion of the second test.
As indicated in Table II , the median fluorescence intensity mean values for [CD]42b, [CD]62p and fibrinogen in the absence of activator (control) and presence of either ADP, collagen or TRAP failed to differ significantly after injection of the MCT:LCT versus MCT:FO emulsion. As expected, in the case of the [CD]62p and fibrinogen measurements, the mean values displayed the following hierarchy: control < collagen < ADP < TRAP. Such was not the case for the [CD]42b measurements. In the latter case, the majority of the relevant plots displayed a peak-shaped distribution. A more flat shape was only observed in 12.5±7.0 (n=9) and 17.4±7.0 (n=9) percent of the 28 determinations made in the MCT:LCT and MCT:FO series, respectively. The latter two percentages failed to differ significantly from one another (p>0.6).
The cell percentages also failed, as a rule, to differ in the MCT:LCT and MCT:FO series (Table III) . A significant difference between these two series was only observed on three occasions ([CD]62p response to collagen at day 2, control fibrinogen values at day 8, and PAC response to ADP at day 3) among 84 comparisons. In the case of the [CD]62p and fibrinogen measurements, the mean values again displayed the following hierarchy: control < collagen < ADP < TRAP.
Discussion
The present findings convincingly document the safety, in terms of hemostasis, of the bolus intravenous injection of the MCT:FO emulsion, as well as MCT:LCT emulsion, under experimental conditions in which the injection of the MCT:FO emulsion results, within 60 min and for at least 24-48 h, in a large increase of the ω3 acid content of phospholipids in both leukocytes and platelets (7) .
Two sets of data merit to be mentioned. First, in the PFA-100 device, the mean occlusion time was always lower than basal value from eight hours onwards after injection of a lipid emulsion. This effect, however, only achieved statistical significance when pooling together measurements made at different times after the injection of a lipid emulsion and, moreover, failed to differ significantly with either the MCT:FO or control MCT:LCT emulsion. Second, in the case of the [CD]62p response to collagen, the mean values for the cell percentage were lower one hour to day 2 after injection of the MCT:FO, as distinct from MCT:LCT, emulsion. Such a difference, however, only achieved statistical significance on day 2. At the most, there was thus a trend towards a protective effect of the MCT:FO emulsion on platelet activation by collagen.
A further clinical study (Phase Ib) is now scheduled to be conducted in subjects with moderate cardio-vascular risk factors and reduced heart rate variability.
